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1. | nt roducti on

Project Description

The Elliott Bay Nearshore Substrate Enhancenent
Pr oj ect was undertaken by the Elliott Bay/ Duwami sh
Rest orati on Program Panel (Panel) in March 1998 at sel ected
sites northeast of Duwanm sh Head on Washi ngton Depart nent
of Natural Resources (VWDNR) property and seaward of Seattle
tidelands north of Seacrest Park in West Seattle. The King
County Departnment of Natural Resources (King Co, DNR) was
sel ected as pr oj ect manager subsequent to site
investigations by the Washington Departnent of Fish and
Wlidlife (WDOFW in 1996. The Panel’s Habitat Devel opnent
Technical Wrking Goup provided guidance during the
project design phase and in the developnent of the
moni toring plan.?

Four materials (cobble, quarry spall, pea gravel and
oyster shell) were placed in eight plots (four plots each
at two sites) to enhance productivity of benthic infauna,
increase the distribution and density of rmacroal gae and
other primary producers, and inprove the attributes that
support resident and migratory marine and estuarine fish
species (Figure 1).

Specific objectives were identified as follows:

I ncrease diversity of bottom substrates

Increase area of |imting hard bottom substrates
Provide intertidal substrates for bait fish spawning
Provide suitable substrates at proper horizons for
eel grass

% Increase volunme of physical and protective structures
for juvenile and adult resident invertebrates and
fishes

I ncrease hard structure surfaces for nacroal gae

Renove undesirabl e bottom debris
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1 Elliott Bay Nearshore Substrate Enhancement Mbnitoring Pl an.
May 2000. Elliott Bay/Duwam sh Restoration Program Panel
Publ i cation No. 25
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Figure 1. Ellicit Bay Mearshore Subsirate Enhancement Project Locsfion



Condition Prior to Substrate Enhancenent Project

Duwam sh Head (Site #1)

Pursuant to field investigations conducted by WFW
under contract to the Panel, the substrate was described as
sand, m xed fine (Buckley, undated). In addition to patches
of eel grass, the presence of | arge macrophytes at
relatively deep depths at Duwam sh Head was recorded. A
checklist of species found at the site is provided in
Appendi x A. WDFW di vers determ ned that

“The apparent stability of the substrate in the area
(based on probe penetration depths and habitat
specificity of the species of infauna) indicates
limted, if any, need for engineering analyses for
construction; patches of high biodiversity created by
the limted rock substrates and the currents caused by
tidal exchanges all indicate a high potential for a
significant increase in the biodiversity and densities
of species in the Elliott Bay area resulting from
bent hi ¢ habitat enhancenent [at] Duwam sh Head.”

(Buckl ey, April — May 1996 Progress Report).

Seacrest Park (Site #2)

Based on field investigations, WDFW advi sed the Panel
that the subtidal area in the vicinity of Seacrest Marina
reflected a favorable physical profile and potential for
hi gh biodiversity. Bottom contours indicated a variably
sloping substrate with sone shelf areas. Substrate was
described as sand, mxed fine, mxed coarse, gravel, silty
gravel, gravel-sand-silt mxture; gravel sand m xtures,
organic silts and organic silty clays of low plasticity;
cl ayey sand, sandy-clay mxtures; well-graded sands and
gravelly sands, little or no fines. A checklist of species
identified in the area is provided in Appendix A (Buckley
and Bookheim Decenber — March 1996 Progress Report)

Proj ect Design and |Inplenentation

The substrate naterials used were chosen based upon their
| i kel i hood of achieving project goal s. The | arger



materials, cobble and quarry spall, were chosen to increase
the substrate and surface area for nacroal gae attachnment as

well as provide cover for fish and invertebrates. The
oyster shell was chosen to provide habitat for juvenile
Dungeness crab specifically. The pea gravel was selected

to provide habitat for juvenile sal nonid prey.

Approxi mately 40 cubic yards of materials were placed by
barge and crane in eight plots in Mirch 1998. A
description of the plot configuration at each site is
provi ded bel ow (see Figure 1 for |ocation).

Duwanm sh Head (Site #1)

Two plots of cobble and two plots of quarry spall were
pl aced near the -35 feet (ft) nmean |ower |ow water (MLW
bat hynetric contour at this site. Each plot was conposed
of approxi mat el y five cubi c yar ds and measur ed
approximately 10 ft x 10 ft. Al plots were less than 18
inches (in.) high.

Seacrest area (Site #2)

Approxi mately one five cubic yard plot of pea grave
and one five cubic yard plot of oyster shell were placed at
depths from -2 ft to -12 ft MLW The oyster shell plot
measured approximately 10 ft by 20 ft, with a shell |[|ayer
depth of about 6 inches. The pea gravel plot also neasured
approximately 10 ft by 20 ft.

One plot of quarry spall and one plot of cobble, each
about five cubic yards and approxinmately 10 ft by 10 ft,
were placed near the -35 ft MLW bathynetric contour. Each
pl ot contained rocks ranging in size from2 to 12 in., wth
an average 12 in. thickness and height [ess than 18 in.

2. Monitoring Schedul e, Tasks, and Met hods

The Elliott Bay Nearshore Substrate Enhancenent
Monitoring Plan (May 2000) provides detailed descriptions
of the project area and the nonitoring tasks and nethods.
The nonitoring of treatnment and control areas provides for
the post construction assessnment of physical stability,
productivity of benthic infauna, distribution and density



of macroal gae and other primary producers, and inprovenent
in attributes that support resident and mgratory marine
and estuarine fish species.

Moni t ori ng Schedul e

Table 1 displays the nonitoring dates for Sites #1 and
#2 for years 1 and 2.

Physi cal observations of quarry spall, cobble, pea
gravel and shell plots occur in years 1, 2, 3, 4, and 5.

For years 3 to 5, observations are to occur semn-
annually in February or March and July or August, and nore
often as resources permt (Table 2).

Epi benthic invertebrate sanpling of the gravel plot
occurred in April 1998, My 1999, and April 2000. This
report provides nonitoring results for years 1 and 2 (1998
and 1999). Additional epibenthic invertebrate sanpling is
scheduled to occur in years 4 and 5 in both April and My
if resources pernmt. Mnitoring for the settlenent of
juvenil e Dungeness crab in the oyster shell plot occurred
in July and August 1998; no further sanpling is schedul ed.

Table 1. Project Mnitoring Schedul e: 1998 and 1999

Date Type of Monitoring Substrate
Duwamish Head 27-Feb-98 Video all
(site #1) 25-Mar-98 Video 2 piles closest to shore
19-Jun-98 Video all
28-Jul-98 Video all
27-Mar-99 Video all
27-Aug-99 Video all
Seacrest 28-Feb-98 Video all
(site #2) 25-Mar-98 Video all
30-Apr-98 Epibenthic invertebrate sampling | gravel, sand (control)
13-Jul-98 Video all
23-Jul-98 juv. Dungeness crab survey oyster shell
18-Aug-98 juv. Dungeness crab survey oyster shell
27-Mar-99 Video all
24-May-99 Epibenthic invertebrate sampling | gravel, sand (control)




Tabl e 2. Five Year Mnitoring Schedul e: 1998-2002

Type of Monitoring | Year Monitored | Frequency Month (s) Substrate

Duwamish Head | Physical Year 1 (1998) Quarterly February, March, | all four plots
(site #1) June, July

Year 2-5 (1999-2002) | Semi-annual | February or March | all four plots

July or August
Seacrest Physical Year 1 (1998) Quarterly February, March, | all four plots
(site #2) July *

Year 2-5 (1999-2002) | Semi-annual | February or March | all four plots
July or August

Biological
juv. Dungeness crab Year 1 (1998) Annual July oyster shell
survey
salmonid prey survey | Years 1-2 (1998,1999) Annual April or May pea gravel

Years 3-5 (2000-2002) | Semi-annual April, June pea gravel

* plots were not monitored in August

Tasks and Met hods

Three post-construction nonitoring tasks were used at
site #2: physical observation, epibenthic invertebrate
sanpling, and juvenile Dungeness crab assessnent. Physica
observation was the only nonitoring nethod enployed at site
#1.

Physi cal Cbservation: Physical observations of all plots at
both sites were made by scuba divers and filnmed using an
underwater video canmera (8-mm video tape). Al plots were
designated with ropes and/or floats to assist divers in
| ocating the plots. Divers filmed the center of the plots
as well as the perineter. Observations were intended to
assist in the assessnment of sedinent accumulation, fish
presence, mnacroal gae presence, and the areal extent and
configuration of substrate treatnents.

Epi benthic invertebrate Sanpling: Mnitoring for production
of invertebrate prey taxa known to be inportant to juvenile
sal noni ds was conducted at Seacrest (site #2) for the pea
gravel plot on April 30, 1998 and My 24, 1999. For each
sanpling event, five sanples were collected from the pea
gravel plot at an average tidal height of -22 MLW In




addition, five sanples were collected from an untreated
area adjacent to the pea gravel plot which served as a
control plot. However, due to resource constraints, only
three sanples collected fromeach plot were anal yzed.

Sanpl es were collected with a gas powered centrifugal
wat er punp, sucked through a 15 neter long (51 nm inner
di aneter) hose, connected to a cylinder 0.35 neter w de and
0.38 neter high (Figure 2). The sanpling cylinder had ports
covered with a 130 micron mesh net to mnimze collection
of extraneous material and allow water flow. The water in
the cylinder was evacuated and all water entering the
cylinder passed through the screened ports. The epibenthos
was captured in the mesh net and then screened using a 253
mcrons sieve wth rinse water. Al rinse water was
filtered to avoid sanpling contam nation. The organisns
remaining on the sieve were then transferred to a sanple
container and preserved in a 10% buffered formalin sol ution
(sanples were later transferred to a 70% al cohol solution).
To ensure siting of the punp head, an underwater video
canera was nounted so that a "live" imge of the substrate
could be nonitored as sanples were taken. A hand wi nch was
used to lower the head slowy with mniml disturbance to
the substrate. The boat was anchored and npored from the
bow and stern to ensure that the head remained stable on
the sanple substrate. The punp was operated |ong enough to
nove at |east three tinmes the volunme of the entire system
approximately 30 seconds. The centrifugal punp system was
devel oped at the University O Wshington School of Aquatic
and Fishery Sciences (Sinmenstad et al. 1991).

Juveni | e Dungeness Crab Assessnent: Mnitoring for juvenile
Dungeness crab settlenment was conducted at site #2 for the

oyster shell plot only. For each sanpling event, 10
sanples were collected using a hand-held Venturi suction
dredge within a 14 nf netal frane. Sanpl es were sorted

identified, neasured, and returned live. Ten sanples were
also collected from an eelgrass bed (northwest of the
oyster shell plot) which served as a control site (see
Dinnel and Hora for a detailed description of nonitoring
met hods and results.



Figure 2. Epibenthic punp system

3. Monitoring Results

Site #1 — Duwam sh head

Cobbl e and spall plots



The Duwam sh Head project area (site #1) was nonitored
wth 8-mm video in February 1998 prior to substrate
pl acenent in March 1998. The pre-construction video showed
the native substrate at site #1 was conposed nostly of
sand, with numerous orange sea pens in the area.

The first post-construction observations were nade
approximately two weeks followi ng substrate placenent (see
Table 1 for nonitoring dates). This video showed that
benthic diatonms were covering the quarry spall and cobble
at the two substrate plots placed closest to shore,
particularly the spall plot which is the farthest south.
The two northern plots were not videotaped because they
could not be located by the divers conducting the
moni t ori ng.

A video survey was conducted in June; however, poor
visibility made catal ogi ng al gae and organisns difficult.

The July 1999 nonitoring observations detected several
macroal gae species attached to the substrates on all four
plots. Several invertebrates, such as anenpnes, barnacles,
sea stars, and shrinp were seen on or around the rocks
Heavy barnacle growth was noted at all plots. Fish, such as
scul pins, sole, greenling, and juvenile rockfish were
present as well. It appeared that wherever hard substrate
was available, nacroalgae and sessile invertebrates had
attached.

The site was nonitored again in August 1999 and showed
significant mcroalgae growh at all the plots. Although a
speci es and estimted abundance |ist has not been produced,
there was nore nacroalgae growh noted during this survey
than previous videos. Mnitoring in Mrch 1999 showed
simlar macroalgae and invertebrate species present in
1998. It was difficult to see the actual substrate plots
due to the heavy macroal gae growh. Macroalgae had also
attached to the ropes that were placed to guide the divers
to the substrate piles.

Site #2 — Seacrest Area

Quarry Spall and Cobble Plots

The quarry spall and cobble plots at site #2 were
nonitored in February 1998, two weeks follow ng substrate



pl acenent. Although the cobble and spall plots were bare,
the oyster shell was heavily covered with benthic diatons.
Diatom growth was detected in the gravel plot; however, it
was not as easily distinguishable as on the oyster shell.
Scheduling conflicts precluded the plots being nonitored in
June.

The July nonitoring observations docunented that
macroal gae species had attached to the cobble and spall
pl ot s. Barnacl es had settled on the larger rocks and many
types of invertebrates were seen on or in between all the
substrat es. Several small fish, including perch and
juvenile rockfish, were seen around the oyster shell plot,
along with macroal gae. The nmacroal gae on the oyster shell

was conposed nmainly of the green alga, Uva spp. The
gravel showed diatom growth but other organisnms were hard
to distinguish. Al though not reflected in the video,

di vers conducting the nonitoring reported seeing several
shrinp anong the substrates.

The March 1999 nonitoring showed simlar macroal gae
and invertebrate species present as observed in post-
construction nonitoring in 1998. The gravel plot appeared
to have eroded slightly and had dispersed down the slope
ASK RANDY

Site #2 Pea Gravel Treatnent Biol ogical Success

Detailed lists of 1998 and 1999 epibenthic fauna
results are provided in Appendices B and C, respectively.
Monitoring for both 1998 and 1999 refl ected the presence of
inmportant prey fauna for many juvenile stages of Puget
Sound fish. Table 3 shows juvenile fish prey present in
t he gravel and control plots in 1998 and 1999.
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Table 3. Juvenile Fish Prey Results for 1998 and 1999( nean
densities No./nf)

Pea gravel plot Control plot
1998 1999 1998 1999

Juvenile Salmonid Prey
Harpacticus copepodids 13.3 0 0 0
Harpacticus compressus 13.3 0 0 0
Zaus spp. 53.3 0 16.7 6.7
Tisbe spp. 1560 8070 2510 3303.3
Dactylopusia vulgaris 2346.7 12000 9173.3 843.3
Dactylopusia crassipes 0 0 33.3 0
Cumella vulgaris 26.7 3.3 80 6.7
Chironomidae larvae 0 0 3.3 0

Total: 4,013 20,073 11,817 4,160
Other Juvenile Fish Prey
Longipedia sp. 0 0 13.3 0
Ectinosomatidae 586.7 66.7 1090 86.7
Harpacticus obscurus grp. 213.3 66.7 273.3 90
Amphiascopis cinctus 80 73.3 63.3 13.3
Amphiascoides sp. 26.7 0 0 0
Aoroides sp. 30 130 180 6.7
Pontogeneia cf. Rostrata 110 63.3 153.3 10
Ischyrocerus sp. 26.7 140 13.3 16.7
Caprellidae 0 3.3 20 3.3

Total: 1,073 543 1,807 227

Har pacti coi d copepods, Harpacticus unirems and Tisbe
spp., were found in both the gravel and control plots in
1998 and 1999. Harpacticus spp. were found at sinmlar
densities for both the gravel and control plots in 1998 and
also in 1999. Qher harpacticoid copepods, Zaus spp. and
Dactyl opusi a spp., were also found at both plots. Zaus spp.
were found in low densities for both plots in 1998 and in
the control plot in 1999, but were not found in the gravel
plot for 1999. Two cumaceans, Cunella vulgaris and Lanprops
quadriplicata, were found in low densities (less than a
mean of 28/nf) at both plots in 1998 and 1999. However,
Lanprops quadriplicata was only seen in the gravel plot in
1999 at a | ow nean density of 3.3 /nf.

Figure 3 displays densities of harpacticoid copepods,

gammarid anphi pods, and total epibenthos for sanples
collected in 1998 and 1999. Results show hi gher overall
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abundance for the gravel plot in 1999 than in 1998 and an
increase in total harpacticoid abundance in 1999. This is
due primarily to higher nunbers of two harpacticoid copepod
species found in the gravel plot in 1999: Dactyl opusia
vul garis and Tisbe spp. Dactyl opusia vulgaris had a nean
density (No./nf) of 2,347 in 1998 conpared to 12,000 in
1999. Likew se, Tisbe spp. had a mean density (No./nf) of
1,560 in 1998 conpared to 8,070 in 1999.

The control plot shows the opposite of the gravel wth

a decrease in overall abundance and total harpacticoid
abundance for 1999. This decrease is largely due to fewer
nunmbers of Dactylopusia vulgaris found in 1999. For

Dact yl opusia vulgaris, a mean density (No./nf) of 9,173 was
found in 1998 conpared to 843 in 1999.

Figure 4 presents densities of salnon prey taxa, other
fish prey taxa, and non-prey taxa for the sanples collected
in 1998 and 1999. In general, results reflect higher
density increases for salnonid prey harpacticoid copepods
in the gravel plot in 1999 than were observed in 1998, one
nonth after project inplenmentation. As stated above, this
is due to increases in Dactylopusia vulgaris and Tisbe
sSpp., which are both known to be juvenile sal nonid prey.

30,000
O Total gammarids
25000 + - - - W Total harpacticoids
O Total epibenthos
20000 4 - - -] [

15,000 + - - -

10,000 + - - -

Density, Mean No./nf

1998 1999 1998 1999
Control Gravel

Figure 3. Abundance of gammarid anphi pods and harpacti coid
copepods for the gravel and control plots at
site #2 (Seacrest): 1998 and 1999.
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Fi gure 4. Abundance of salnonid and other fish

Prey at site #2 (Seacrest): 1998 and
1999.

Site #2 — Oyster Shell Plot Biological Success

The oyster shell plot at Site #2 and the “control”
eel grass area near Duwam sh Head were sanpled tw ce during
July and August 1998 for the presence of juvenile Dungeness
crab, Cancer nmgister. Although no settlenment of juvenile
Dungeness crab was detected in the oyster shell plot, other
crab species, fish and invertebrate fauna were present.
Low densities of juvenile Dungeness crab were found in the
control eelgrass bed. Mnitoring nethods and results are

provided in a report produced by the Panel in November 1998
(Dinnel and Hora, 1998).
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4. Discussion

Al though detailed species list and estinmated algae
and/or invertebrate abundance have yet to be produced, the
video monitoring shows the nmaterials placed at both sites
were effective for providing nacroalgae and sessile
invertebrate attachnment sites. The macroal gae is providing
cover for several fish species, including sole and
rockfish. The macroal gae, and the substrates thenselves,
are also providing cover for many invertebrates, such as
crabs and shrinp.

The effectiveness of the pea gravel application cannot
be determined conclusively due to the limted nunber of
sanples and inherent high variability between sanples and
years for epibenthic fauna. Thus, it is not possible to
detect statistically significant differences between the

gravel and control epibenthic assenbl ages. However,
general observations suggest that the overall abundance of
epi benthic invertebrates, including juvenile salnonid prey

taxa, increased in 1999 when conpared to the 1998 results.

Har pacti coi d copepods, Harpacticus unirems and Tisbe
spp., are especially promnent in the diet of juvenile
salnonids (Sinmenstad et al. 1979, 1988). Tisbe spp. was
found in both the gravel and control plots in 1998 and
1999. Juvenile chum and pink salnon, Pacific herring, surf
snelt, Pacific sand |ance, and three spine stickleback have
been found to feed heavily on Tisbe spp., Zaus spp,
Har pacticus spp., and Dactylopusia spp. (Sinenstad et al
1979, 1988, 1991; Sibert 1979; Healey 1979; Landi ngham
1983, from G oot and Margolis 1991). Representatives from
each genus identified above were found in both plots.
Cumaceans (Cunella vulgaris and Lanprops quadriplicata) are
prey of juvenile chinook and coho salnon (Sinenstad et al.
1988). Cunella vulgaris was found in | ow densities at both
plots in 1998 and 1999, but Lanprops quadriplicata was only
seen in the gravel plot in 1999 at a | ow density.

| mpact s of substrate nodi fication are of ten
conplicated by different responses of the taxa at different
times and sites. Simenstad et al (1991) reported varying

inpacts in their study of gravel application to intertida
mud and sand substrates in two enbaynents in Hood Canal and
sout h Puget Sound: Bywater Bay and Oakl and Bay. Cunmaceans
and several other taxa were depressed relative to untreated
sites on sandflats of Bywater Bay, while Tisbe spp. and
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Zaus sp. were strongly enhanced. Their nudflat site at
Cakl and Bay showed contrasting results, wth enhanced
nunbers across nost taxa. Whet her or not the epibenthic
assenbl ages at this project site follow either of these two
patterns is not yet known.

The oyster shell plot at site #2 does not appear to be
effective for providing habitat for juvenile Dungeness
crab. Although the shell plot was only sanpled during the
first year, no Dungeness crab were found and only a small
nunber were found in the control plot. Factors limting
| arvae settlenent may have included overall |ow abundance
of Dungeness larvae in Elliot Bay in 1998 and the depth of
the oyster shell plot. Although the oyster shell plot did
not attract Dungeness crab, the plot did provide conplex
habitat for other crab species, invertebrates, and snall
fish (D nnel and Hora).

6. Recommendati ons
Vi deo surveys of all plots should continue.

Sanmpling activities in years 3 to 5 should be
conducted in the sanme nonth as occurred in the year 1999

(May) .

Vertical mgration of the oyster shell and gravel plot
needs to be assessed. It is possible that this could be
acconplished by placing narkers at the end of the current
pl ot s and neasuring mgration for subsequent surveys.

A detail ed speci es list, i ncl udi ng esti mat ed
abundance, needs to be produced for every video survey.
The data should be entered into a database, possibly an
Excel spreadsheet, for analysis.

To aid in the assessnent of species diversity and
abundance, densities in cobble and spall plots at Sites #1

and #2 should be estimted in addition to |Ilisting
macroal gae and nmcro-invertebrates, fish nunbers and
speci es.

15



For nore conclusive investigation on the functional
use of the substrate nodification by fish and epibenthic
crustaceans, the project mght use fish and gut surveys in
addition to further neiofauna collections taken wth
greater frequency in the late winter and spring. Cor del |
(1986) found species specific distribution curves through
his study season, with Harpacticus unirem s having a single
di screte peak of abundance, while Tisbe spp. had multiple
peaks over an ext ended Spring peri od.
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